The title compound, C 20 H 10 N 4 S, and its dipyridinium salt, 4,4 H -(2,1,3-benzodiazol-4,7-diyldiethynyl)dipyridinium diperchlorate, C 20 H 12 N 4 S 2+ Á2ClO 4 À , display bond alternation in the 2,1,3-benzothiadiazole rings, which suggests their quinonoid character. The dipyridinium dication molecules stack along the a axis and form a dimer with short SÁ Á ÁN interheteroatom contacts [3.146 (4) A Ê ] between the two 1,2,5-thiadiazole rings. The dimer is surrounded by the perchlorate anions with which it forms a large number of intermolecular NÐHÁ Á ÁO and CÐ HÁ Á ÁO hydrogen bonds.
Comment
Long rigid and conjugated bridging ligands have received much current interest with regard to the construction of selfassembling macrocyclic architectures (Lehn, 1995; Fujita, 1999) and the development of molecular wires (Tour, 1996) . Additionally, incorporation of redox-active and/or luminescent parts into the ligands is attractive for exploring functional supramolecular systems (Hock et al., 1996; Sun & Lees, 2000) . With this in mind, we have recently synthesized a novel ligand with a 2,1,3-benzothiadiazole ring and two terminal pyridine rings, namely 4,7-bis(4-pyridylethynyl)-2,1,3-benzothiadiazole, (I). The S and N atoms in the 1,2,5-thiadiazole ring of (I) are expected to form short interheteroatom contacts which can result in unique molecular networks (Yamashita & Tomura, 1998) . In the course of our studies on (I), we have also isolated its dipyridinium salt, 4,4 H -(2,1,3-benzodiazol-4,7-diyldiethynyl)dipyridinium diperchlorate, (II), as single crystals. We report here the molecular and unique crystal structures of (I) and (II) .
Compounds (I) and (II) crystallize in the P2 1 /a and P2 1 /c space groups, respectively, with one molecule in the asymmetric unit. The molecular structures of (I) and (II) are shown in Figs. 1 and 2, and selected geometric parameters are listed in Tables 1 and 2, respectively. Compound (I) and the dipyridinium dication in (II) generally have similar molecular geometries. They are long linear molecules with lengths of 16.557 (5) A Ê for (I) and 16.387 (6) A Ê for (II) (N3Á Á ÁN4 distance). The dipyridinium dication of (II) is more linear [C8ÐC7ÐC1 179.4 (6) and C15ÐC14ÐC4 178.7 (5) ], while (I) bends slightly [C8ÐC7ÐC1 176.2 (4) and C15ÐC14ÐC4 174.4 (5) ]. The 2,1,3-benzothiadiazole and two pyridine rings are planar within 0.026 (3) A Ê for (I) and 0.038 (4) A Ê for (II). Compound (I) lies in a plane (r.m.s. deviation of ®tted atoms 0.1043 A Ê ) and the angles between the 2,1,3-benzothiadiazole and two pyridine rings are 1.5 (2) (C9ÐC10ÐC11ÐN3Ð C12ÐC13) and 11.6 (2) (C16ÐC17ÐC18ÐN4ÐC19ÐC20). In the dipyridinium dication in (II), the 2,1,3-benzothiadiazole and one pyridine ring (C9ÐC10ÐC11ÐN3ÐC12ÐC13) are almost coplanar [r.m.s. deviation of ®tted atoms is 0.0541 A Ê and the angle between the planes of the two rings is 5.4 (3) ], while the other pyridine ring tilts toward the 2,1,3-benzothiadiazole, with an angle of 44.5 (2) . The C1ÐC7, C8ÐC9, C4ÐC14 and C15ÐC16 bonds [1.429 (4)±1.445 (4) A Ê for (I) and 1.428 (6)±1.438 (6) A Ê for (II)] are almost the same length as the typical C aromatic ÐCsp bond, i.e. 1.434 A Ê (Allen et al., 1987) .
There is considerable shortening of the C1ÐC6 and C4Ð C5 bonds compared with the other bonds in the benzene rings of (I) and (II). Such double-bond ®xation suggests a quinonoid character of the 2,1,3-benzothiadiazole ring in (I) and (II). The geometric parameters of the 1,2,5-thiadiazole rings in (I) and (II) are almost the same as those of 3,4-diphenyl-1,2,5-thiadiazole (Mellini & Merlino, 1976 ). Fig. 3 shows the packing diagram of (II) viewed along the a axis. The dipyridinium dication molecules form single stacks along the a axis. The interstack distance (distance between the two 2,1,3-benzothiadiazole ring planes within the stack) is 3.40 (1) A Ê . The most remarkable feature of the crystal structure of (II) is the existence of short SÁ Á ÁN interheteroatom contacts [3.146 (4) A Ê for S1Á Á ÁN2 i and N2Á Á ÁS1 i ; symmetry code: (i) Àx, Ày + 1, Àz] between the two 1,2,5-thiadiazole rings. The SÁ Á ÁN distance is 6.1% shorter, and the S1Á Á ÁS1 i [3.960 (3) A Ê ] and N2Á Á ÁN2 i [3.048 (8) A Ê ] distances between the 1,2,5-thiadiazole rings are 6.5 and 1.6% longer, respectively, than the sum of the corresponding van der Waals radii (Pauling, 1960) . Thus, the dipyridinium dication molecules form a dimer with short SÁ Á ÁN contacts, which is planar and lies in a plane within a deviation of 0.09 (1) A Ê . No short SÁ Á ÁN interheteroatom contact within the sum of the van der Waals radii of the S and N atoms was observed in the crystal structure of (I) [the shortest SÁ Á ÁN interheteroatom contact was S1Á Á ÁN4(Àx + 3 2 , y + 1 2 , Àz + 1) 3.380 (3) A Ê ]. Interestingly, the dimer is surrounded by the perchlorate anions, as shown in Fig. 3 . A large number of intermolecular NÐHÁ Á ÁO and CÐ HÁ Á ÁO hydrogen bonds (Taylor & Kennard, 1982; Biradha et al., 1993; Batchelor et al., 2000) are observed between the dipyridinium dication and the O atoms of the perchlorate anions (see Table 3 ). The intermolecular OÁ Á ÁO distances of the perchlorates are in the range 3.044 (6)±3.286 (6) A Ê .
Studies on the construction of new molecular architectures using compound (I) are now in progress.
Experimental
Compound (I) was synthesized by the reaction of 4,7-dibromo-2,1,3benzothiadiazole (Pilgram et al., 1970) with 4-ethynylpyridine (Ciana & Haim, 1984) . To a solution of 4-ethynylpyridine (1.63 g, 15.9 mmol) and 4,7-dibromo-2,1,3-benzothiadiazole (2.00 g, 6.8 mmol) in triethylamine (150 ml), bis(triphenylphosphine)palladium(II) dichloride (0.115 g, 0.164 mmol) and copper(I) bromide (0.101 g, 0.702 mmol) were added. After stirring for 30 min at 333 K, the reaction mixture was stirred for 2 d at 363 K under argon. Triethylamine was removed in vacuo and the residue was dissolved in CH 2 Cl 2 . The solution was washed with aqueous K 2 CO 3 and dried over Na 2 SO 4 . After the solvent was evaporated in vacuo, the crude product (yield 1.79 g, 78%) was puri®ed by sublimation [453±473 K, 10 À2 Torr (1 Torr = 133.322 Pa)] to give (I) as a yellow powder. Slow evaporation of a solution of (I) in CH 2 Cl 2 ±ethyl acetate (5:1) afforded yellow crystals of (I) suitable for X-ray analysis. Physical data for (I): m.p. 523± 525 K; 1 H NMR (CDCl 3 , 270 MHz): 7.55 (d), 7.88 (s), 8.69 (d); MS (EI): m/z 338 (M + ). Slow evaporation of a solution of (I) with copper(II) perchlorate in CH 2 Cl 2 ±ethyl acetate (5:1) gave orange crystals of (II) suitable for X-ray analysis. R int = 0.079 max = 74.3 h = À15 3 0 k = À9 3 0 l = À21 3 21 3 standard re¯ections frequency: 120 min intensity decay: 2.4%
Compound (I)

Figure 3
Packing diagram of (II) viewed along the a axis. Dotted lines show the short SÁ Á ÁN interheteroatom contacts. 
Re®nement
Re®nement on F 2 R[F 2 > 2'(F 2 )] = 0.061 wR(F 2 ) = 0.205 S = 1.00 4543 re¯ections 364 parameters All H-atom parameters re®ned
All H atoms of (I) were placed in geometrically calculated positions (CÐH = 0.93 A Ê ) and re®ned using a riding model. All H atoms of (II) were localized in the Fourier map and re®ned isotropically [CÐH = 0.80 (5)±0.96 (5) A Ê ].
For both compounds, data collection: CAD-4 EXPRESS (Enraf± Nonius, 1992); cell re®nement: CAD-4 EXPRESS; data reduction: TEXSAN (Molecular Structure Corporation, 1995); program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976) . À 753 organic compounds Table 2 Selected geometric parameters (A Ê , ) for (II). S1ÐN2
1.608 (4) S1ÐN1
1.617 (4) N1ÐC2
1.330 (6) N2ÐC3
1.335 (6) C1ÐC6
1.375 (7) Hydrogen-bonding geometry (A Ê , ) for (II). (7) 1.97 (7) 2.843 (5) 171 (4) N4ÐH4Á Á ÁO8 ii 0.91 (6) 2.18 (6) 2.975 (6) 145 (5) C5ÐH5Á Á ÁO3 iii 0.87 (5) 2.73 (5) 3.314 (7) 126 (3) C10ÐH10Á Á ÁO4 iv 0.83 (5) 2.57 (5) 3.299 (7) 148 (3) C11ÐH11Á Á ÁO1 iv 0.80 (5) 2.73 (5) 3.307 (7) 131 (4) (4) 3.306 (7) 125 (2) C17ÐH17Á Á ÁO4 vii 0.93 (6) 2.74 (6) 3.382 (7) 127 (4) C18ÐH18Á Á ÁO1 vii 0.84 (6) 2.43 (6) 3.223 (7) 157 (4) C18ÐH18Á Á ÁO3 viii 0.84 (6) 2.75 (6) 3.177 (6) 113 (4) C18ÐH18Á Á ÁO4 viii 0.84 (6) 2.84 (6) 3.230 (7) 110 (4) C19ÐH19Á Á ÁO2 ii 0.95 (6) 2.69 (5) 3.273 (6) 120 (3) C19ÐH19Á Á ÁO6 ii 0.95 (6) 2.46 (6) 3.378 (7) 162 (3) C19ÐH19Á Á ÁO8 ii 0.95 (6) 2.84 (5) 3.305 (6) 111 (3) C20ÐH20Á Á ÁO1 iii 0.88 (5) 2.54 (5) 3.370 (7) 159 (3) C20ÐH20Á Á ÁO2 ii 0.88 (5) 2.87 (5) 3.348 (6) 116 (3) Symmetry codes: Least-squares planes (x,y,z in crystal coordinates) and deviations from them (* indicates atom used to define plane) 1.5818 (0.0221) x -6.6462 (0.0067) y + 7.1354 (0.0259) z = 6.0990 (0.0289) * 0.0042 (0.0028) N3 * 0.0090 (0.0028) C9 * -0.0040 (0.0029) C10 * -0.0028 (0.0030) C11 * 0.0011 (0.0030) C12 * -0.0076 (0.0030) C13 Rms deviation of fitted atoms = 0.0055 1.2657 (0.0098) x -6.6518 (0.0049) y + 7.3340 (0.0198) z = 6.2092 (0.0135) Angle to previous plane (with approximate e.s.d.) = 1.48 (0.18) * -0.0020 (0.0019) S1 * -0.0044 (0.0026) N1 * 0.0160 (0.0026) N2 * -0.0087 (0.0028) C1 * -0.0016 (0.0032) C2 * 0.0049 (0.0033) C3 * -0.0263 (0.0030) C4 * 0.0078 (0.0031) C5 * 0.0143 (0.0030) C6 Rms deviation of fitted atoms = 0.0122 -0.8891 (0.0247) x -7.0043 (0.0055) y + 6.5072 (0.0274) z = 4.6045 (0.0155) Angle to previous plane (with approximate e.s.d.) = 11.64 (0.15) * -0.0071 (0.0029) N4 * -0.0028 (0.0030) C16 * -0.0084 (0.0034) C17 * 0.0137 (0.0034) C18 * -0.0046 (0.0030) C19 * 0.0092 (0.0030) C20 Rms deviation of fitted atoms = 0.0084 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.73678 (9) 0.07406 (18) 1.183 (4) C20-H20 0.9300 N1-S1-N2 100.83 (17) C11-C10-H10 120.2 C2-N1-S1 106.7 (2) C9-C10-H10 120.2 C3-N2-S1 106.5 (2) N3-C11-C10 124.0 (4) C12-N3- C10-C9-C8 122.8 (3) C19-C20-H20 120.2 C13-C9-C8 120.2 (4) C16-C20-H20 120.2 C11-C10-C9 119.6 (3)
179.0 (3) N4-C19-C20-C16 1.2 (7) C4-C5-C6-C1 −0.2 (6) C17-C16-C20-C19 −0.9 (6) C6-C1-C7-C8 4 (6) C15-C16-C20-C19 −179.6 (4) C2-C1-C7-C8 −175 ( Least-squares planes (x,y,z in crystal coordinates) and deviations from them (* indicates atom used to define plane) 3.4016 (0.0073) x + 8.4890 (0.0485) y -12.2532 (0.0277) z = 4.4493 (0.0309) * 0.0029 (0.0034) N3 * 0.0067 (0.0032) C9 * -0.0050 (0.0037) C10 * 0.0003 (0.0038) C11 * -0.0011 (0.0035) C12 * -0.0037 (0.0035) C13 Rms deviation of fitted atoms = 0.0039 3.3987 (0.0053) x + 6.4008 (0.0261) y -12.9448 (0.0142) z = 3.1741 (0.0130) Angle to previous plane (with approximate e.s.d.) = 5.38 (1/4) * -0.0324 (0.0024) S1 * -0.0075 (0.0032) N1 * 0.0010 (0.0032) N2 * 0.0132 (0.0036) C1 * 0.0289 (0.0040) C2 * 0.0283 (0.0039) C3 * 0.0190 (0.0036) C4 * -0.0377 (0.0041) C5 * -0.0128 (0.0040) C6 Rms deviation of fitted atoms = 0.0232 3.4307 (0.0078) x + 17.9292 (0.0352) y -2.3964 (0.0406) z = 11.6039 (0.0294) Angle to previous plane (with approximate e.s.d.) = 44.46 (0.17) * 0.0004 (0.0035) N4 * -0.0078 (0.0035) C16 * -0.0024 (0.0040) C17 * 0.0062 (0.0042) C18 * -0.0108 (0.0035) C19 * 0.0144 (0.0037) C20 Rms deviation of fitted atoms = 0.0085 Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
x y z U iso */U eq Cl1 0.0095 (2) 0.27338 (5) 
Geometric parameters (Å, º)
Cl1-O1 1.421 (4) C4-C14 1.438 (6) Cl1-O2 1.423 (4) C5-C6 1.424 (7) Cl1-O3 1.428 (4) C5-H5 0.87 (5) Cl1-O4 1.429 (4) C6-H6 0.91 (5) Cl2-O8 1.405 (4) C7-C8 1.188 (6) Cl2-O7 1.417 (4) C8-C9 1.428 (6) Cl2-O5 1.418 (3) C9-C10 1.378 (6) Cl2-O6 1.447 (4) C9-C13 1.395 (6) S1-N2 1.608 (4) C10-C11 1.385 (7) S1-N1 1.617 (4) C10-H10 0.83 (5) N1-C2 1.330 (6) C11-H11 0.80 (5) N2-C3 1.335 (6) C12-C13 1.362 (7) N3-C12 1.314 (7) C12-H12 0.94 (5) N3-C11 1.314 (7) C13-H13 0.92 (4) N3-H3 0.88 (7) C14-C15 1.188 (6) N4-C18 1.324 (7) C15-C16 1.435 (6) N4-C19 1.332 (6) C16-C20 1.379 (6) supporting information sup-9
Acta Cryst. (2001). C57, 751-753 N4-H4 0.91 (6) C16-C17 1.385 (7) C1-C6 1.375 (7) C17-C18 1.370 (7) C1-C2 1.426 (6) C17-H17 0.93 (6) C1-C7 1.434 (6) C18-H18 0.84 (6) C2-C3 1.440 (5) C19-C20 1.374 (7) C3-C4 1.405 (6) C19-H19 0.95 (6) C4-C5 1.367 (7) C20-H20 0.88 (5) O1-Cl1-O2 109.2 (2) C1-C6-H6 118 (3) 109.4 (2) N3-C11-H11 118 (4) N2-S1-N1 100.4 (2) C10-C11-H11 123 (4) C2-N1-S1 106.6 (3) N3-C12-C13 120.1 (5) C3-N2-S1 107.1 (3) N3-C12-H12 117 (3) C12-N3-C11 123.1 (4) C13-C12-H12 123 (3) C12-N3-H3 115 (4) C12-C13-C9 119.6 (5) C11-N3-H3 121 (4) C12-C13-H13 118 (2) C18-N4-C19 122.4 (4) C9-C13-H13 122 (2) C18-N4-H4 121 (4) C15-C14-C4 178.7 (5) C19-N4-H4 116 (4) C14-C15-C16 179.1 (5) C6-C1-C2 118.2 (4) C20-C16-C17 118.2 (4) C6-C1-C7 121.0 (4) C20-C16-C15 121.6 (4) C2-C1-C7 120.7 (4) C17-C16-C15 120.1 (4) N1-C2-C1 127.1 (4) C18-C17-C16 120.0 (5) N1-C2-C3 113.3 (4) C18-C17-H17 121 (4) C1-C2-C3 119.6 (4) C16-C17-H17 119 (4) N2-C3-C4 127.0 (4) N4-C18-C17 119.8 (5) N2-C3-C2 112.6 (4) N4-C18-H18 121 (4) C4-C3-C2 120.4 (4) C17-C18-H18 119 (4) C5-C4-C3 118.9 (4) N4-C19-C20 119.7 (5) C5-C4-C14 121.8 (4) N4-C19-H19 117 (3) C3-C4-C14 119.3 (4) C20-C19-H19 123 (3) C4-C5-C6 121.4 (5) C16-C20-C19 119.9 (5) C4-C5-H5 123 (3) C16-C20-H20 117 (3) C6-C5-H5 115 (3) C19-C20-H20 123 (3) C1-C6-C5 121.5 (5)
N2-S1-N1-C2 0.0 (4) C1-C7-C8-C9 19 (96) N1-S1-N2-C3 −0.3 (4) C7-C8-C9-C10 168 (100) 
